A method for calculating of viscosity and diffusion coefficients in binary mixtures of dilute gases was observed basing on molecular kinetic theory and intermolecular pair potential energy. The calculations were performed for the binary mixtures of gases containing methane, nitrogen and carbon dioxide, basing on the data on the pure gases viscosity. A comparison of our calculation results with experimental and theoretical data obtained by other investigators was made.
Introduction
Mixtures of dilute gases are widely spread in nature and are the basis of many industrial processes. Currently, some experimental data on the study of transport properties of pure dilute gases has been accumulated. Significantly fewer experimental materials on the transport properties have been obtained for gas mixtures, particularly their temperature dependence is studied insufficiently.
For the calculation and generalization of transport properties of pure chemicals several methods of molecular kinetic theory are used. In general, their results give good agreement with the experimental data [6, 16, 20, 21, 27] .
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The situation is quite different when we speak about gas mixtures. There are several methods of generalization and calculation of transport properties of gas mixtures within the molecular kinetic theory [7, 8, 11, 12, 16, 18, 21] . Currently, however, it is still too early to talk about the advantages or disadvantages of the particular method. Furthermore, methods that give good agreement with the experimental data, generally require a large amount of computational effort, especially for polyatomic gases.
Nowadays, various semi-empirical calculation methods based on the molecular kinetic theory are widely used for the calculation of transport properties of gas mixtures [1, 3 -5, 9, 19, 21, 23, 28] . Polyatomic and polar gas molecules are of a particular interest. In the calculation of transport properties of such gases we must take into account the non-sphericity of intermolecular pair potential energy and the effect of inelastic collisions and polarizability of individual molecules. It is often considered that the intermolecular potential energies of these molecules are spherically symmetric for like and unlike interactions. Thus, the calculation of transport properties are performed by means of common method of the molecular kinetic theory [14] , taking into account some specific adjustments [6, 7, 18, 20] or using a three-parameter intermolecular potential [8] .
Method of calculation Viscosity
As part of a kinetic theory [14] the first approximation for viscosity of a pure gas can be simply written as follows:
where Mi -molecular weight; T -temperature, K;
 * 22  -reduced collision integral at reduced temperature T * = kT/εi; σi and εi/k -energy and length scaling parameters characterizing the interaction of gas molecules. According to this theory, k-approximation for viscosity can be written as:
. It should be noted that the function   k f  weakly depends on the reduced temperature, T This value can be regarded as viscosity of hypothetical pure gas which molecules have a molecular weight equal to 2M1M2/(M1+M2) and interact according to the potential curve defined by parameters σ12 and ε/k12. If in Eq. (5) index 2 is replaced by 1, then we obtain an equation similar to the Eq. (1) for pure gas in a first approximation.
With the known potential energy of interaction between the molecules the value and viscosity values at different temperatures, processed by non-linear least squares method, it is possible to obtain the values σi and εi/k, assuming the types of approximating functions as shown in [18] . Values σ12 and ε12/k are commonly found basing on various combination rules [14, 22, 23] , using the values of σ1, σ2 and ε1/k, ε2/k obtained from pure gas viscosity or other way. In the paper we propose a different method for finding the parameters σ12 and ε12/k. The values 
It is worth noting that the Eq. (6) is similar to the equation for calculating the mass of molecules of a hypothetical gas.
Substituting the value A with the help of non-linear least squares method. Then, using Eq. (3) we can calculate binary gas mixture viscosity for any mixture composition and temperature.
Binary diffusion coefficient
According to kinetic theory [14] , the equation for calculating the binary diffusion coefficient (BDC) can be written in the following form:
where p -pressure; * 12 A and  * (6); fD -correction factor [14] having a value of the order of unity, and for most of the gases is in the range 1.00 -1.03; in special cases, when the molecular weights of the gases differ greatly, fD is even greater but does not exceed 1.10 [17] . Thus, the Eq. (7) allows calculating the BDC values basing on pure gases viscosity for this particular type of intermolecular potential energy.
Calculation and comparison results
Gas mixtures containing polyatomic molecules of methane, nitrogen and carbon dioxide were taken to approve the calculation results for viscosity and diffusion coefficients for binary mixtures. The choice of the gases was due to the fact that viscosity of these pure gases and their mixtures, as well as the BDCs had been calculated and generalized in a wide range of compositions and temperatures on the basis of experimental data by different authors. Calculations were performed using different methods [6 -8, 10 -13, 18, 20, 25] within the kinetic theory [14] . The analysis of [6 -8, 10 -13, 18, 20, 25] has shown that the generalization and the calculation of pure gas viscosity give the results that agree fairly well with each other. In general, we can say that there is an agreement within 0.3 -1.5% in the temperature range of 200 -1300 K.
In this case, our calculation of * 12 A was performed using the tabulated collision integrals for the Lennard-Jones (6, 12) model potential shown in [14] . This technique allows using other potential models for unlike interactions, too. Tables 1 and 2 show the results of viscosity calculation for the mixture of methane and nitrogen (CH4-N2) at various compositions and temperatures. Table 1 also shows the smoothed experimental data obtained in [15] , and the data, we calculated by the proposed method. As pure gas viscosity, we used data on the viscosity of the pure gases obtained in this work. Also the maximum and average deviations of experimental values compared with our calculation results are given. As seen from the table, the average deviation is 0.46%, the maximum deviation is 0.60%.
In Table 2 , the results of viscosity calculation for the mixture of methane and nitrogen (CH4-N2) taken from [8, 13] and our calculations results basing on the pure gases viscosity given in [8, 13] are shown. As seen from the table, viscosity values from [8, 13] and our calculation results agree within 0.6%. Tables 3 and 4 contain the smoothed experimental data [15] and viscosity calculation results obtained using the proposed method for mixture of methane and carbon dioxide (CH4-CO2) and mixture of nitrogen and carbon dioxide (N2-CO2) at various compositions and temperatures. As seen from the tables 3 and 4, the average deviation for CH4-CO2 gas system is 0.8% maximum -1.0%, and for N2-CO2 gas system -0.5% and 1.0%, respectively, that is actually within the experimental and calculation error. [7, 8, 11, 13, 18] from the ones obtained using the proposed method on the base of pure gas viscosity from [6] for equimolar mixtures of these gas systems are given on Figs. 1 -3 . The pure gas viscosities shown in [6] are greater than cited elsewhere, and greater than experimental data from [15, 24, 25] for almost all temperatures. Figures 1 -3 also show the values of the deviation of experimental data of [15] and our viscosity calculations basing on pure gases viscosities taken from [7, 8, 11, 13, 18] compared to the ones obtained on the data from [6] .
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As can be seen from the figures, results of viscosity calculation performed by various authors and the ones obtained using our proposed method are in a good agreement. Thus, for CH4-N2 gas system, for which the greatest number of calculations have been performed in the temperature range 200 -700 K, all the data are consistent with each other within 0.7%, and in the temperature range 700 -1300 K, within 1%, respectively. This corresponds to the experimental and calculation errors of generalizations carried out by other authors. For CH4-CO2 and N2-CO2 gas systems experimental and calculation results agree within 1.5%.
In accordance with Eq. (7) using pure gas viscosity given in the papers by various authors, we have calculated BDCs for all the listed gas systems. Figs. 4 -6 give deviations of BDCs for equimolar mixtures of these gas systems from our calculation results basing on the data on the pure gases viscosity given in [6] . The figures also show the deviation of experimental data of [2, 26] from our calculation results. to our calculation results using the proposed method on the base of pure gas viscosity from [6] for equimolar mixture of methane and nitrogen (CH4-N2) gas system As seen in Fig. 4 , for CH4-N2 gas system in the temperature range of 300 -1300 K all the calculated data agree with each other within 6%. All the calculated data agree with experimental data within 7%. It should be noted, that the BDCs calculated in [7, 8, 13, 15, 18] are in reasonable agreement with each other
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For the CH4-CO2 gas system there are only two experimental values of the BDC, the remaining data were calculated by us basing on pure gases viscosity from [7, 13, 15, 18] . Calculated data agree with each other within 1.5%. Fig. 6 shows the deviation of BDCs for equimolar mixture of nitrogen and carbon dioxide (N2-CO2) gas system. Deviations of the experimental data for this system are taken from [2] , they are consistent with each other in the range of 14%. Unfortunately, experimental data with deviations beyond the scale of the figure are not presented on it to avoid unreasonable scale reduction. It should also be noted that the data obtained in [7] , have greater deviations at low temperatures than at higher ones. Besides the data calculated by us basing on the pure gases viscosity from [7, 13, 15, 18] are consistent with each other within 2%.
The calculation results of the BDCs in [7, 8, 11, 13, 18] in the temperature range 200 -300 K have an error of 2 -5% according to the authors, and deviation value increases with temperature increasing.
Conclusion
Analysis of the proposed method of calculation of the viscosity and diffusion coefficients in binary mixtures of dilute gases had been performed. As a result, a number of problems arising in the calculation process of transport properties of gas mixtures had been revealed. One problem of the calculation and generalization of transport properties of dilute gases comes down to the presence or absence of experimental data at various temperatures, the experimental error and reliability of that data.
Unfortunately, the amount of experimental data on the transport properties of gas mixtures is relatively small [8, 13, 15] , besides only little data, especially on the diffusion coefficients, have an acceptable error within 2 -3%, which is necessary for further calculations. Hopefully, method of calculation and generalization we proposed in the paper will prove itself well in the calculation of transport properties of other gas mixtures.
